Background-The prevalence and perceived effectiveness of marijuana use has not been well studied in inflammatory bowel disease (IBD) despite increasing legal permission for its use in Crohn's disease. Health care providers have little guidance about the IBD symptoms that may improve with marijuana use. The aim of this study was to assess the prevalence, sociodemographic characteristics, and perceived benefits of marijuana use among patients with IBD.
currently excluded from medical marijuana laws. Clinical trials are needed to determine marijuana's potential as an IBD therapy and to guide prescribing decisions.
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cannabis; chronic abdominal pain; Crohn's disease; inflammatory bowel disease; marijuana In November 2012, Massachusetts joined 10 other states in explicitly including Crohn's disease (CD), but not ulcerative colitis (UC), as an indication for legally prescribed medical marijuana. These laws reflect a growing trend toward using marijuana to treat the sequelae of chronic disease including anxiety, depression, spasticity, and chronic pain in multiple sclerosis, and poor appetite, nausea, and parasthesias in human immunodeficiency virus. [1] [2] [3] Despite the inclusion of CD in medical marijuana laws, few studies have explored its use patterns or its perceived benefit in this disease, limiting our understanding of what symptoms health care providers might target with marijuana.
Worldwide, cannabis use, whether medicinal or recreational, is relatively common with 2.8% to 4.5% of people aged 15 to 64 years reporting cannabis consumption in 2009. 4 In North America, this number is higher, approximately 10.7% of people are 15 to 64 years old. 4 Few studies, however, have assessed the prevalence of marijuana use specifically in the inflammatory bowel disease (IBD) population. An Israeli study found that 10% of patients with IBD were using recreational drugs for disease-related purposes, the majority of which was cannabis. 5 Similarly, a Canadian study found that 11.4% of patients with IBD had used cannabis in the previous year and 43.9% had used it at some point in their lifetime. 6 Patients with IBD were primarily using cannabis to alleviate abdominal pain. This perceived clinical benefit was recently supported by a small placebo controlled trial that suggested marijuana may induce remission in a sizeable proportion of patients with CD who have failed medical therapy. 7 Marijuana is thought to have these effects partly through its anti-inflammatory properties, which may be particularly relevant to IBD. Two cannabinoid receptors have been identified, CB1 and CB2, which make up part of the endocannabinoid system and are activated by marijuana and one of its active component, delta-9-tetrahydrocannabinol. 8, 9 The endocannabinoid system is a regulatory system in the gastrointestinal tract and is thought to control aspects of intestinal inflammation. The endocannabinoid system has been shown, in experimental models, to have some impact on intestinal inflammation. 10 Despite these potential therapeutic benefits, there has been no study investigating marijuana use in the United States IBD population. As a consequence, little is known about the prevalence, reason for use, and perceived benefit of marijuana in this group. There is little guidance for health care providers who may want to prescribe marijuana to target specific IBD symptoms. We investigated the prevalence of marijuana use among patients with IBD at our center to understand the symptoms for which patients were treated with marijuana and how effective they perceived marijuana to be of symptom relief.
Methods
We conducted a prospective cohort survey study of patients with IBD seen at the Brigham and Women's Hospital Crohn's and Colitis Center, a single clinic site that primarily sees patients with IBD. Patients with a diagnosis of IBD (CD, UC, or indeterminate colitis) were eligible to participate. Potential subjects were identified by individual physicians during a scheduled clinic visit. Subjects were then asked to fill out surveys while in the clinic either before or after a scheduled visit. Surveys were assigned consecutive numbers and were anonymous. Patients were recruited over a 3-month period. All patients with IBD were offered enrollments and consecutive patients were enrolled, as possible.
The survey contained a total of 46 questions (see Appendix, Supplemental Digital Content 1, http://links.lww.com/IBD/A340) including basic demographic and clinical data and the short inflammatory bowel disease questionnaire (SIBDQ). 11 The SIBDQ is a validated diseasespecific questionnaire for assessing health-related quality of life. Its scores range from 1 to 7, with 1 being poor control and 7 being optimum control. The remaining survey questions were about the patient's experience with marijuana use. Patients identified themselves as either current, past, or never users. Those who identified themselves as either current or past marijuana users were then prompted to answer questions about both medicinal use of marijuana (defined as use to control symptoms of IBD) and recreational use of marijuana. If they answered "yes" to medicinal use, they were asked specifically if they used marijuana (yes/no) to treat abdominal pain, diarrhea, nausea, and/or loss of appetite. Patients who responded affirmatively were then asked how effective marijuana was in treating that symptom on the following scale: ineffective, slightly helpful, moderately helpful, very helpful, or complete relief. Never users answered questions about their attitudes toward medicinal use of marijuana. Surveys that were incomplete were excluded from the analysis.
The primary outcome of interest was identification of IBD symptoms for which marijuana was used and its perceived clinical benefit. Secondary outcomes included clinical and demographic characteristics associated with marijuana use. We used simple descriptive statistics to identify means and SDs for variables of interest. We used 2-tailed Student's t tests to compare continuous variables to identify predictors of marijuana use. We used chisquare tests to compare categorical variables to identify predictors of marijuana use. For categorical variables where n < 15, we used Fisher's exact tests. We constructed a logistic regression model to estimate the adjusted association between statistically significant bivariate predictors and medicinal use of marijuana, current marijuana use, and past marijuana use, respectively. The Brigham and Women's Hospital Institutional Review Board approved this study.
Results
The survey was distributed to 310 patients and 292 completed surveys were returned (response rate = 94%). The clinical and demographic characteristics of the study population are listed in Table 1 . The mean age of respondents was 39.3 ± 14.1 years, 67.8% were female, and 60.6% had CD. The mean SIBDQ score of the population was 3.9 ± 1.4. Twothirds of patients (66.1%) had been hospitalized at least once since diagnosis, 33.2% described their disease to be in remission, and 36.3% had chronic abdominal pain related to their disease. Among patients with chronic abdominal pain, 22 (20.7%) were currently using narcotics for this symptom. About half of the study population (48.6%) reported having never used marijuana, 12.3% reported current marijuana use, and 39.0% reported earlier but not current use. Among the 22 patients using narcotics, 8 were current marijuana users, 4 were past users, and 10 were never users.
Medicinal Use of Marijuana
Among all marijuana users (past and current), 48 patients (32%) had used it medicinally ( Table 2 ). The majority (61.1%) reported smoking it in cigarettes as their primary method of consumption. Abdominal pain was the most frequently reported symptom treated with marijuana (89.5%) followed by poor appetite and nausea (72.9% for each) and, lastly, diarrhea (41.6%). Most patients reported that marijuana was "very helpful" or "completely relieving" in treating the symptoms for which they were using it (Fig. 1) .
Among past users, 80.7% had used marijuana recreationally and 16.1% had used it medicinally to control symptoms of their disease. More than half of past users (58%) reported an ongoing interest in using marijuana medicinally, primarily for abdominal pain and nausea. Of those past users who had quit using marijuana medicinally, 66.0% did so because of concerns about risk, 16.6% because it was too difficult to obtain, 11% because their symptoms had improved to the point that they no longer needed it, and 5.5% because it was no longer effective for symptom relief.
Almost half the study population (48.6%) reported having never used marijuana. Among never users, 51.7% said they would be interested in using medical marijuana once it became legally available, with the majority citing abdominal pain as the symptom for which they would want to use marijuanato treat. Only 36.6% of nonusers reported interest in future participation in clinical trial testing marijuana for symptom control.
Predictors of Current Marijuana Use
Bivariate predictors of current marijuana use are listed in Table 3 . Current marijuana users were younger than nonusers (31.3 ± 11.7 yr versus 41.4 ± 14.7 yr, P < 0.001), had lower SIBDQ scores (4.4 ± 1.4 versus 5.2 ± 1.2, P = 0.001), and were more likely to have chronic abdominal pain (66.7% versus 31.7%, P = 0.003). Current narcotic use was not associated with current marijuana use (22.2% versus 7.0%, P = 0.39). There was a trend toward patients with Crohn's disease being more likely to be current marijuana users compared with those with UC and IC (69.4% versus 57.7%, P = 0.09). On multivariate analysis of the statistically significant bivariate predictors of current marijuana use, we found that age (OR, 0.93, 95% CI, 0.89-0.97, P < 0.001) and chronic abdominal pain (OR, 3.5; 95% CI, 1.24-9.82, P = 0.02) predicted current marijuana use (Table 4) .
Predictors of Continued Marijuana Use
Patients who had tried marijuana in the past but were no longer using were older than current users (39.2 ± 13.2 yr versus 31 ± 11.7 yr, P = 0.002) ( Table 5) . Current users had lower SIBDQ scores (4.4 ± 1.4 versus 5.2 ± 1.2, P < 0.001) and a higher prevalence of chronic abdominal pain (66.7% versus 32.4%, P < 0.001). Current marijuana users were also more likely to be using narcotics to treat their abdominal pain than patients who had quit using marijuana (22.2% versus 3.5%, P = 0.05). Diagnosis, previous surgery, previous hospitalization, and current use of biologics did not predict continuing marijuana use. On multivariate analysis (Table 6 ) of the significant bivariate predictors of ongoing marijuana use, only age (OR, 0.94, 95% CI, 0.90-0.98, P = 0.005) and the presence of chronic abdominal pain (OR, 2.8, 95% CI, 1.10-7.36, P = 0.03) predicted continued use.
Predictors of Current or Past Medicinal Use of Marijuana
On bivariate analysis, younger age (31.4 ± 10.2 yr versus 41.4 ± 14.7 yr, P < 0.001) predicted any current or past medicinal use of marijuana (Table 7) . SIBDQ score (4.4 ± 1.3 versus 5.2 ± 1.2, P = 0.003), chronic abdominal pain (70.8% versus 31.7%, P < 0.001), previous surgery (56.3% versus 36.6%, P = 0.02), and Crohn's disease (70.8% versus 57.7%, P = 0.03) were predictors of medicinal use of marijuana. On multivariate analysis (Table 8 ) of the significant bivariate predictors of medicinal use of marijuana, only age (OR, 0.93; 95% CI, 0.89-0.96; P < 0.001) and the presence of chronic abdominal pain (OR, 4.7; 95% CI, 1.8-12.2; P = 0.001) predicted medical marijuana use.
Discussion
With the passage of a referendum in November 2012, Massachusetts became the 11th state to legalize medical marijuana for use in Crohn's disease. Despite increasing legal permission, there are little data to inform physician understanding of medicinal use of marijuana, particularly in IBD. A few retrospective studies have suggested that patients with IBD are using marijuana to treat their symptoms, but the prevalence and perceived benefit of marijuana in this population, particularly in the United States, remains under described.
We found that approximately 16.4% of patients with IBD cared for at a tertiary referral center have used marijuana to treat their IBD symptoms since their diagnosis. This is consistent but slightly higher than the 10% prevalence rates previously reported in Canada and Israel. 5, 6 We found that patients perceive that medical marijuana is helpful for treating abdominal pain, poor appetite, and nausea associated with IBD. Patients felt it was less helpful in treating diarrhea related to their disease. The mechanism behind these benefits is unclear given the lack of data in humans. Storr et al 10 found that, in a murine model of trinitrobenzenesulfonic acid-induced colitis, there was a significant upregulation of CB2 receptors in the colon with a subsequent reduction in colitis after treatment with a CB2 agonist. This argues for a possible marijuana-mediated anti-inflammatory effect. However, the fact that patients in our study felt that marijuana improved abdominal pain, nausea, and poor appetite but not diarrhea, suggests that the primary mechanism may be central nervous system-mediated and not an improvement in mucosal inflammation.
Not surprisingly, given the symptoms that patients were targeting, current marijuana users and all medicinal marijuana users were more likely to have chronic abdominal pain than nonusers. However, SIBDQ score, a more objective measure of disease activity, did not predict marijuana use in any of these populations on multivariate analysis. Current marijuana users were more likely to be using narcotics to treat their abdominal pain compared with past marijuana users and never users. It is possible that current marijuana use reflected an underlying substance use phenotype rather than a separate strategy for controlling IBD symptoms. For example, patients who used narcotics to treat their chronic abdominal pain may merely have been more willing to use other substances such as marijuana to treat their disease symptoms. On multivariate analysis, however, there was no significant difference in narcotic use between current and past users. In addition, the majority of patients who used marijuana for symptom relief were not also using narcotics, suggesting that marijuana may have a separate therapeutic benefit.
Across all categories-current use compared with never used, current use compared with past use, and any medicinal marijuana use compared with never used-age was a strong bivariate and multivariate predictor such that older patients were less likely to use or have used marijuana. There are a number of possible explanations for this finding; most obviously that marijuana use is more common, more acceptable, and more available in general for younger adults. 12 Many past marijuana users who experienced a clinical benefit reported discontinuation because of concerns about its risk, suggesting that the prevalence of medicinal marijuana use may rise within the IBD population as legal barriers are removed. Other barriers such as drug screening in the workplace may still impact use. Half of never users expressed an interest in using marijuana for symptom control, when it is legally available. Marijuana may, therefore, be expected to become a common adjunct to patients' therapeutic regimens if current legislative trends continue.
We did not specifically ask about side effects/adverse events in our survey and there are currently no long-term safety data among patients with IBD who use marijuana. Marijuana can, however, have acute effects on cognition and reaction time. 13 Chronic use, defined as daily use for years, has been found to have both respiratory and cardiovascular effects. 14 For example, regular cannabis smokers report more respiratory symptoms including wheeze, sputum production, and chronic cough than do nonsmokers. 15 Marijuana also has chronotropic cardiac effects, 16 and Mittleman et al 17 found that marijuana use was associated with increased risk of myocardial infarction, particularly in the 60 minutes after consumption.
There were several limitations to this study. First, patients whose IBD symptoms improved may be more likely to search their memories for a causal event, specifically marijuana use, raising the possibility of recall bias. Because we did not have objective measures of disease activity before and after marijuana use, the perceived benefit of marijuana may be overexaggerated in our population. It is important to note that our study population may not be representative of the national IBD population. More than 90% of the patients surveyed were white, which is likely a reflection of the Brigham and Women's Hospital referral base. More then half of the patients had been hospitalized at least once since diagnosis and were also currently on a biological agent, which reflects a tertiary referral center population. In addition, the 12.3% rate of current marijuana use was higher than the general North American adult population rate of 10.7%. 13 It is unclear whether this difference reflects the urban nature of Boston, if higher rates are specific to our patients with IBD, or if this represents increased use because of publicity and public debate about the issue. Because we did not survey non-IBD patients seen in our clinic, it is difficult to discriminate between these possibilities. Higher-than-average marijuana use rates are unlikely, however, to be a consequence of sampling bias given the high response rate.
There are several important clinical implications of our study. Physicians should be asking their patients, particularly younger ones, about marijuana use. Marijuana self-medication for IBD symptoms may give clinicians a misleading impression of disease response to prescribed therapy, particularly when assessing symptoms such as abdominal pain, poor appetite, and nausea. Although we did not specifically ask study participants whether they discussed recreational or medicinal drug use with their physicians, our clinical impression is that this is rarely addressed during office visits.
Our findings suggest that patients with UC may also benefit from the use of medicinal marijuana although the 11 states that have legalized medical marijuana have only approved its use for only patients with CD. Lawmakers should consider adding this condition to the list of acceptable diseases that may be treated with medicinal marijuana.
Several questions remain unanswered. Because the number of patients who baked/ate marijuana was too small to analyze separately, we do not know whether this route of administration is also effective. In addition, we do not know the optimal dose or frequency of use necessary to achieve adequate symptom relief. Lastly, we do not know if it is the potential anti-inflammatory effects of marijuana that lead to symptom relief or if there is another mechanism at play. These questions would be most effectively addressed through a clinical trial. Our data suggest that at least one-third of patients with IBD would consider participating in such a trial, again emphasizing the growing interest in using marijuana in this disease. Perceived efficacy of medicinal marijuana among current and past users (n = 48). 
